The formation of dansyl derivatives of am ino acids, 5-hydroxyindoleacetic acid and histamine and their separation on polyam ide plates provided a reliable and sensitive m ethod for studying circadian changes in single pineal and pituitary glands of the rat. There appears to be no cor relation between the circadian changes in concentrations of these substances in the pineal and pituitary glands.
Introduction
Many of the cardinal symptoms resulting from chronic D-amphetamine abuse are similar to those seen in certain types of psychotic illness lj 2. Several investigators have studied the chronic effects of this drug on the behaviour and biochemistry of animals with a view to establishing an animal model for the psychoses 3_5. While the results of the experimental investigations show promise of support for this model, no consideration seems to have been given to the effect of chronic amphetamine on rhythmical physiological changes. It is well established that the concentrations of neurotransm itters 6' 7, free amino a c id s6,8,9, proteins and nucleic a c id s10,11 as well as adrenocortical horm ones7 show considerable fluctuations over a period of 24 hours. If am phet amine causes a change in the circadian rhythm of these substances, then such changes should be taken into account when interpreting the data obtained from studies in which drug and non-drug treated anim als are compared. lished that the rodent pineal gland, amines and metabolites shows distinct circadian rh ythm s6; blood corticosteroid levels also show rhythmic changes 7 presum ably reflecting changing activity of the pituitary gland. It therefore seemed worthwhile to study changes in free amino acids in these tissues using the sensitive dansyl chloride microanalytical procedure 12.
M aterials and Methods
Groups of 5 o albino rats, initially weighing 100 -110 g, were housed in Macralon cages and allowed free access to food and either tap water (control groups) or amphetamine in water at a concentration of 50, 100 and 200 mg/1 for the first, second and third week of the experiment respecti vely. Some 200 mg/1 of ascorbic acid was added to the drinking water to reduce the oxidation of the drug; the solutions were changed at least every second day. This method of giving D-amphetamine has been found to cause stereotyped behaviour and pronounced changes in brain amine metabolism during and after a 3 week period of adm inistra tion 13. The lighting conditions throughout the ex periment were standard for the animal holding u nit; the rats were exposed to light from 0700 to * Tim e in hours. P henylalanine etc. = phenylalanine + isoleu cin e + histidine. C = control rats, E = am phetam ine treated rats. ** The concentration of the substance was apparently unchanged when determ inations were made at these times. 1800 hr daily. After 3 weeks, groups of 5 experi mental and 5 control rats were killed by decapita tion at 0200, 0800, 1400 and 2000 hr. The pineal and pituitary glands were rapidly removed and frozen on solid carbon dioxide. The whole pineal gland was weighed and homogenized in 20 f i\ of 0.05 M sodium bicarbonate solution (pH 1 0 ). Pieces of the pituitary gland weighing approxim ately 1 mg were removed by means of a stainless steel punch of the type described by N euhoff14, weighed and homogenized in 20 ju\ of the bicarbonate solution. f a sional chrom atography using form ic acid : water (3 : 100, v/v) in the first dim ension and benzene : acetic acid ( 9 : 1 , v/v) in the second dimension. A m ixture of approxim ately 30 dansyl derivates could be separated in this way. After carefully dry ing the plates, the products were visualized under ultraviolet light. The perim eters of the spots were marked with a soft pencil; the spots were removed by means of a microknife and transferred to a liquid scintillation vial containing 10 ml of scintilla tor (PPO , PO PO P, toluene). The radioactive counts of the samples were determined using a Packard liquid scintillation spectrometer. The full details of the method, together with the precautions which must be applied in undertaking such a procedure, have been described else where 12) 14. A total of 14 dansylated substances was determined for each m icrochrom atogram ; in most cases triplicated estimations were made on each tissue. The radioactivity (as dpm) of each dan sylated product was expressed as a percentage of the total radioactivity of all substances determined.
Reagents
Analytical grade reagents were used whenever possible. The polyam ide plates were purchased from Schleicher and Schiill (TLC Ready-Plastic Sheets, F1700, M icro-Polyam ide). The [14C]dansyl chloride solution was obtained from Schwartz/Mann, Orange burg, New York.
R esults
The results of this investigation are summarized in Figs 1 and 2. It can be seen that chronically ad ministered D-amphetamine affects the relative con centrations of several amino acids in the pituitary g lan d ; the effects of the drug on pineal amino acids are less m arked. There is also evidence that the rhythm icity of the circadian changes is affected by D-amphetamine. This is shown more clearly in Table I , where the times at which amino acid con centrations were maxim al and minimal are sum marized. It can also be seen that the times for the maximum and m inim um changes for several of the amino acids differ between the two glands. Damphetamine was found to alter the time for both the maxima and minima of 4 of the substances quantified in this study in the pituitary (taurine, glutamate, glycine and proline) ; only the lysine and 5-hydroxyindoleacetic acid rhythms were affected in the pineal. It was of interest to find that y-aminobutyric acid could not be detected unequivocally in the rat pineal and pituitary glands even though we have shown that this amino acid is present in a relatively high concentration in the hypothalamus of this species 15.
D iscussion
Two points emerge clearly from this study. First, the changes induced by the chronic adm inistration of D-amphetamine were more pronounced in the pituitary gland; of the 14 param eters determined, amphetamine was found to significantly affect 9 of them, whereas only 7 param eters were affected in the pineal. Second, there is evidence that the cir cadian rhythms of several amino acids and of 5-hydroxyindoleacetic acid are altered by the drug. Observation of the gross behaviour of both groups of rats immediately before they were killed showed that the drug treated aminals were grossly hyperac tive, even during the period of daylight. It is pos sible that some of the behavioural anormalities shown by the drug-treated animals may be attri buted to the disturbed circadian rhythms. The non drug treated rats showed maximal activity during the hours of darkness and were considerably less active during the day. Such changes in the free amino acids of the untreated rats may reflect an altered synthesis, as it has been shown that protein synthesis in the pineal glands is reduced during periods when animals are exposed to lig h t11,16. However, it is also possible that the changes in taurine, glycine, glutamate and alanine, and in 5-hy droxyindoleacetic acid reflect a fluctuation in neuro transm itter function.
The inhibitory amino acid y-aminobutyric acid could not be unequivocally detected in either the pineal or pituitary glands even though the relative concentrations of its precursors glutamate and glut amine, were very high in both of these tissues. This implies that not only is y-aminobutyric acid unlikely to have a transm itter role in these tissues but also that " GABA-shunt" activity, which is high in the surrounding brain tissue 17 is very low. In contrast, the concentration of this amino acid is particularly high in the hypothalamus 15, an area of the brain which is functionally closely connected with the pituitary. It is possible that the neurotransm itter role of 7-aminobutyric acid in the pineal and pituitary glands is replaced by that of taurine. This amino acid has been proposed as a neurotransm itter in other regions of the mammalian b r a in 18; neurophysiological studies have also shown that its ability to depress neuronal firing when applied microiontophoretically to cells in the cortex, spinal cord, and medulla suggests that it has an action which is quite distinct from that of 7-aminobutyric acid 19.
Using the more conventional quantitative techni ques for the estimation of taurine, Guidotti et al. 20 also showed that the concentration of this amino acid was particularly high in the pituitary and pineal glands of the cat. More recently, Neuhoff and T o n g e21 presented evidence to suggest that this amino acid may have a role in the regulation of hormone secretion in the mouse pituitary gland. The possibility therefore arises that the complex be havioural and physiological changes which occur following the chronic adm inistration of amphet amine may be partly attributable to an altered hor monal control mechanism.
The changes occurring in the relative concentra tions of the free amino acids during the 24 hour period were not nearly as marked as other investiga tions have reported for the b rain ; the levels of amino acids in the brain have been reported to be 6 -14 fold greater during the period of maximum activity compared with that of minimum activ ity 22' 23. Leonard and Shallice 24 showed that there was a 100% change in the concentration of brain biogenic amines, their precursor amino acids and 7-aminobutyric acid during the period from 09.30 to 21.30 hr. Clearly, circadian fluctuations in amines and amino acids must be carefully taken into account whenever detailed neurochemical studies of drug action are being undertaken, espe cially as it has been shown that horm onal fluctua tions affect brain monoamine m etabolism 25 and alter the neurochemical responses to psychotropic drugs 26.
